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Far-field divergence angle of nonparax el rotationally
symmetric Laguerre-Gaussian beamys
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(1 Deparment of Physics, Q iongzhou University, W uzhishan 572200, China; 2 Institute’,of Laser Physics and Chemistry, Sichuan
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Abstract: Based on the second-ordermoment of the power density/the far-field divergence angle of nonparaxial mtationally
symmetric Laguerre-Gaussian (LG) beams is derived and expressed in‘a’sum-of the series of the Gamma function It is shown that
the far-field divergence angle of nonparaxial wtationally LG beam's4appmaches © an asynpitic value of 63 435 as the initial
waistwidth © wavelength ratio w, /A appmaches zero, which.is.independent of the order For the gpecial case of p =0 our result

reduces © that of nonparaxial Gaussian beams

Key words: laser optics; nonparaxial Laguerre-Gaussian (LG) beam; power density; divergence angle

EEEN

FESEBRI AR OE R AL 39 B R — N
HIRFPEZ AL o B R A B 19 B IO R85
AT A FE AU 2R R R N T B Bl 7 X %
AR EIRA B LR ) BEALIE Rk 2 H T,
MTFAREHOER AR T 257 % Bl

4 DA AR I B I AR AR AR B R 1R
FSE A B o 135 R SOk [3 1P A9 T3 Xl
PR PR R = (LG RA & BUAE T
Woe S TR AT A5 FRE T I BT
ARGl RO C R A AU P A SR B BI25

100

TEREARPR A H , 4R TERE XS AR LG AR AE A Gt T
7 =7 ok 1

HEUH  ERSEARSREIE (A823070)
{EE RN H/INE (1964-) 2 BB oA 323
BRI SRR
* B RN o Emnail badalu@ scu edu cn
Wk H 4 - 2004-11-08; WO EIME U H 4 : 2005-02-24

E(6,z2=0) =L, (2¢w) exp(- §/wg) (1)
KT wo A LG TR 7 4 A6 25 0 ' oo 5
LS ( - ) EHRECH 0 phihrss/RE Wit

HARMAIEEE | (DRFRN LR 2 )t
ANLIE 7o e

E(rz) =2=x :f(p, 2) 3, (27 1p) pdpdb (2)

il A (6, )0 LOHAAEZ R E—FH 2
U557

A(p,2) =A;(p,z=0)exp[ikz J1- (Ap)°](3)

Ao(p2=0) =2t KE (5,2 =0 (2x6p)dg =

2 2 2 2 2 2 2

(- 1) rwoly (2n°wo0 ) exp (- w'wop’)  (4)

AH L k=2n I MR Y o >/ XN TRE 2y
W IR AT B, 24 o < 1/N B JUDGE R, TAE R
W o

LGYCHRAEZS A — R P 24 1Y T 3 2% [ 4 A
ILDE D =Ré . i_?x 8E(r,z}) (5)

27 0z

P ReFRELSLH | »FonE k4,

MRHESCHR [3 TR JT I ATRkTS LGB ARAE H A
FIE|REae ey N paw il a:i =

E"(r,2)



182 W Bi# ES A 20064F 41
tan’0 = Tj()\) A‘p_|Ao(pz—O)| do (6) 2 O000onog
i ) IR (6)AA (15)30 T LI LRI 4 LG
P(z) = FIEH RS . K 1PAHT Lot RINiEs & ik
P(z=0) =2t fla(z=0)l%ede  (7) g0
v o= W10 (8) Rk
i (8)F e R A 54
p =sina, (0 <a <m/2) (9) 201
I AR ORI A AL 1o —
s 22 1 s 2 2 0.0 0.5 1.0 1.5 20 2.5
em(nww)—zga(nww> (10) wyA

PG /R 2 TR IFA

o~ (-D"p! .
L0 = 2 o m) mn (11)
M (4)=CBRE N
Ay (p, 2 _O) =

2(m +n)
TtWon;:m;:nl(p m)l(ml) 2 (TWo ) (12)
1 (12)z0RA () TT75

712 4 oo
T W

szQQWFX

P(z) =P(z=0) =

'(m +n +m; +m, +1)

I'(n, +1n, +m; +m, +5/2) (13)
A TN R %L,
an =
-1 n1+n2+m1+m22ml+m2 | 2 /}\ 2(n1+n2+ml+m2)
(-1 (p!) " (mwo /1) (14)

min!(p-my)!(p- mz)'(mll) (m 2')
TFE (12)=0, (13)=U1CA (6)= , ELTH B L7 1T
153 LGYHIRAILIH & B /9

7/24>O o

o o

I'(n +n, +my +m, +2)
I'(np, +n, +m; +m, +5/2)
(15) Ao LGEHAEH th = AR L iy =it
KA A A (15)2NE A TEFH REOV
(HIGSAR P BUE TR, — % n (i=1,2)% 10
WA AR AT 2] 5 B (6) B4,
1E (15)=0H 454 p =0, A5 2 JE A5 Al s o ok
103 s AL ity & 8 g A =08

tan’0 =4 X

2(n, +n,)
ZZ( 1)“1*“1[ “W] T (n 4, +2)
ny =0ny

I'(np +n, +5/2)

(15)

5
+2)

(16)

I (n+n, +1)] T (n+ny

wan] W 22
BhEEE"

Fig 1 Far-field divergence angle 6 of nonparaxial mtationally symmetfric
LG beamswith p=0, 1,2 versuswg /A
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Fig 4 Contrast of the velocity calculated based on the Doppler frequency
and the actual velocity
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